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Executive Summary
This report presents results of an analysis of the potential statewide impacts resulting
from the construction and operation of a high speed rail system linking Tampa, Orlando and
Miami. The basis for estimating impacts were operating characteristics and assumptions
presented in the franchise proposal submitted by the Florida High Speed Rail Corporation
(FHSRC).
Impacts of high speed rail can be separated into costs and benefits. Of the two
impacts, costs are typically easier to quantify. The high speed rail system proposed by
FHSRC is estimated to cost $2.8 billion (in 1990 dollars) for construction and $52.8 million
annually for operation. The benefits of high speed rail are more difficult to quantify, and
thus, more speculative. Research suggests that major transportation improvements, such as
high speed rail, generate social benefits only to the extent that the improvements lower
transportation costs. Transportation cost reductions result from reducing travel times and
travel costs, lowering air pollution emissions, and reducing accidents and accident costs.
Other economic impacts, such as land-use development and economic impacts, are not
considered in this report because it is uncertain to what extent these impacts would be
redistributed from other regions within the state rather than net, new impacts. Additional
analysis in this area is needed.
A summary of the estimated benefits of high speed rail are presented below. A
discussion of the assumptions and methodologies used to estimate these benefits is provided
in the report.
•

Approximately 29 percent of high speed rail passengers will be diverted from the air
mode, while 71 percent will be diverted from autos.

•

The diversion of passengers from autos will result in over 2.0 million fewer auto trips
in 1995. The number of replaced auto trips will increase annually to 2.7 million by
2006.

•

Diverting passengers from aircraft to high speed rail will eliminate an estimated
15,400 aircraft flights in 1995. Eliminated flights will increase annually to 21,000
flights by 2006.
1

High speed rail passengers are estimated to save 1.8 million hours in travel time in
1995 and 4.3 million hours in 2006. The value of time saved will have an economic
value of $10.2 million in 1995 and $40.2 million in 2006.
•

The elimination of auto trips and aircraft flights will result in a decrease in fuel
consumption. Those passengers diverted from auto will realize greater savings, 20.7
million gallons of gasoline in 1995, and 27.9 million by 2006. The elimination of
flights will lead to a reduction of 13.1 million gallons of aviation fuel in 1995, and
18.0 million gallons by 2006. In sum, the decline in use of these two modes will save
33.1 million gallons of gasoline in 1995 and 45.9 million gallons in 2006 (these figures
are not net of the fuel consumed by the power plants supplying electricity for high
speed rail trains).

•

In terms of safety, the implementation of high speed rail is expected to avoid 871
auto accidents, 10 fatalities, and 752 injuries in 1995. Avoided accidents, fatalities,
and injuries will increase annually to 814, 11, and 957, respectively, by the year 2006.

•

The diversion of auto and air travelers to high speed rail will significantly reduce the
level of pollution along the proposed corridor. It is estimated that the level of
emissions will be reduced by 61,015 tons in 1995. This amount of reductions is
expected to grow annually to 83,092 tons by 2006. The types of pollutants that will
be reduced include volatile organic carbons (hydrocarbons), nitrous oxides, carbon
monoxide, carbon dioxide, particulate matter, and tire wear matter.
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Introduction
Project Purpose and Scope
The purpose of this study is to examine the range of potential statewide impacts
resulting from the construction and operation of a high speed intercity rail system in Florida.
The analysis quantifies these impacts for the proposed 300-mile high speed rail system that
follows a general alignment from Tampa, to Orlando, and on to Miami.* This study does
not address the cost-effectiveness of high speed rail in Florida, nor does it evaluate the
merit of investing in high speed rail versus other transportation investments (e.g., expanding
the capacity of the state's highways and airports). The impacts discussed in this report,
however, would be major inputs into these types of analyses. Thus, this study should be
viewed as a first step in a comprehensive assessment of alternative transportation
investments in Florida.
Franchise proposals to design, build, operate, and maintain a high speed rail system
were submitted to the Florida High Speed Rail Transportation Commission from 1988 to
1991. Proposals were submitted by two prospective franchisees, the Florida High Speed Rail
Corporation (FHSRC) and Florida TGV. The routes and specific stations proposed by each
applicant differ slightly, but follow the same general route shown in Figure 1.
The FHSRC has proposed using a Swedish high speed rail train manufactured by
ASEA Brown Boveri which is capable of a maximum speed of 200 miles per hour.
Estimated travel time from Tampa to Miami is 160 to 170 minutes. The Florida TGV
proposed using a French high speed train manufactured by Alsthom and Bombardier. The
train is capable of operating at 185 miles per hour. Characteristics of each system are
shown in Table 1.
During the subsequent proposal review process, TGV's application was withdrawn,
leaving FHSRC as the remaining prospective franchisee. Many of the operating assumptions

*In addition to the Tampa-Orlando-Miami corridor outlined in the current proposal, there is also a proposed
13.5-mile Maglev route that would run from the Orlando International Airport to International Drive in Oriando.
This report does not include an evaluation of the proposed Maglev system.
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Figure 1
Proposed High Speed Rail Route

Source:

F1orida's High Speed Trains

Table 1
Florida High Speed Rail Proposals
FHSRC

TGV

300

320

1995

7

7

2006

8

7

Route Miles

Stations:

r1f&liP¥at{I,~t1;JJ;:Iii:i:;111;:;1:1It:1:tr111;II:1I:1IfI;I\III:I:[[11:i:!;:::ii1:11:1,1!l;II1f:if:Ii;t:;:'!i:iI:!I!:;:II:1::i\:~;1:i'i:'f~I1!1i: :I:i ;:1ii:1II;i~i:i:::!1IiI:J:11111:;III!:1:;I:;1r11Ii:ifi1f;I!iI1!f:11: 1Ii: !i11;r1:w1iii:1i;;1!!I:I!rntI!:!i:I!f1I1::i:1::1;11Ir
Sources:

FHSRC and TGV Proposals
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and ridership estimates in FHSRC's proposal were used in this evaluation of statewide high
speed rail impacts. It was not the purpose of this study to estimate ridership or costs, nor
to assess the reasonableness of FHSRC's ridership forecasts and assumptions used in their
proposal. Errors or changes in the estimates and differences between the estimates and
actual system performance may also change the estimates of impacts.
While the FHSRC proposal is no longer being pursued, interest in a Florida high
speed rail system continues with demand and corridor studies currently underway. While
new technologies, alignments, and other assumptions may change the ultimate impacts, this
analysis should provide a useful perspective on high speed rail impacts.

Impacts of Transportation Investments
The impacts of transportation investments have been studied extensively by
economists, planners, engineers, and others. These studies typically measure impacts in
terms of project benefits and costs. Some impacts, such as gallons of fuel consumed or
hours of travel time, are readily quantifiable. Others can only be assessed qualitatively. For
example, an impact such as "changes in passenger comfort" requires a subjective
measurement; it might be evaluated using qualitative terms like "better" or "worse", or other
similar measures.
Of the two broad categories of impacts, costs are more straightforward to estimate
and usually easier to quantify. Transportation investment costs of high speed rail include
costs of purchasing right-of-way, constructing the system, any environmental mitigation
required, and operating and maintaining the system. Table 2 shows the estimated capital
and operating costs of the 300-mile system proposed by FHSRC. Construction and right-ofway costs total $2.5 billion, not including financing costs. With an estimated cost of $229
million for rolling stock, total capital costs will be $2.8 billion. Annual operating and
maintenance costs for the system total $52.8 million. All costs are in 1990 dollars.
Perhaps the greatest challenge in evaluating the impacts of a transportation
investment, such as high speed rail, is quantifying the benefits that will result from
implementation. Research in this area (notably by Mishan, Sassone and Schaffer, AASHTO,
and Forkenbroch) is in general agreement: a transportation investment will generate
3

Table 2
Capital and Operating Cost Estimates*

Construction
Electrification

$182,210

Signalization

$181,356

Roadway Bridges

$141,584

Railroad Bridges

$371,222

Railroad Earthwork

$273,158

Track

$210,777

Right-of-Way

$174,362
$47,802

Utility Relocation

$155,952

Miscellaneous

$67,238

Stations
Fees

$283,927

Design/Construction Contingency

$432,408
$229,000

Rolling Stock

$3,683

Operations

$11,140

Maintenance
Sales & Marketing

$7,138

Power and Utilities

$4,910

Insurance Premiums

$16,457

Administration

$3,144

Public Safety

$1,498

Contingency

$4,797

*in 1990 dollars
Sources:
FHSRC Sufficiency Report
November 1990 Update of Sufficiency Report

benefits when the project lowers transportation costs. Lower costs of transportation pro_duce
societal benefits because social welfare (i.e., real income) is increased. Transportation cost
4

reductions result from travel time savings, lower fuel and other operating costs, lower
pollution levels, and improved safety.
There are additional types of impacts which have been considered as benefits of
transportation investments in some studies. The exclusion of these impacts requires
discussion here. One type of impact that is sometimes cited as a benefit is the increase in
regional economic activity generated by the investment in transportation infrastructure. The
rationale is that a transportation investment (or any major capital outlay) stimulates
economic activity during construction and operation of the facility. This economic activity
is usually measured in terms of jobs created, additional business revenue earned, or
additional tax revenue paid from new business and personal expenditures. Additional
impacts occur beyond the initial investment itself, as the multiplier effect of subsequent
rounds of spending generates more business activity and jobs. Regional economic inputoutput models are used to estimate the multiplier effect, or what are also known as indirect
and induced economic impacts. These models usually demonstrate that the additional
economic activity is as great to several times greater than the initial investment.
The economic activity generated by expenditures in high speed rail are not considered
as a benefit in this analysis. Although this type of analysis may estimate the level of
economic activity that is linked to the investment, these are gross estimates, rather than net.
These models measure the positive impacts of change within the vicinity of a project, but
do not account for the losses that occur elsewhere. In other words, the economic gains
enjoyed in one region may be offset by the losses of another region.
For example, high speed rail will provide a significant number of temporary and
permanent jobs during construction and operation of the system. However, it is estimated
that high speed rail will capture approximately 29 percent of the air travel market between
cities with proposed high speed rail stations. Thus, the employment opportunities created
by high speed rail are likely to be offset, to some extent, by potential layoffs in the airline
and supporting industries, as airlines reduce service levels to match a smaller market size.
According to Mishan, Huddleston and Pangotra, and others, there could be net gains
only if the resources-used are currently not employed or underemployed. However, even
though these potential benefits exist, unemployed or underemployed resources are· also
5

available for use by alternative transportation investments (i.e., the impacts created by an
investment in high speed rail are not unique impacts of high speed rail). Similar impacts
will be generated by equivalent capital investments in other modes, such as new airport or
expansion or building new roads.
Another area related to economic impacts involves the effect of transportation
investments on land-use development. Major transportation investments, particularly new
rail starts or rail extensions, are often followed by a concentration of development activity
around stations. However, research suggests that transportation, by itself, is not a primary
factor in creating demand for land-use development activity.
Although there is the appearance of a direct link to the transportation improvement,
land-use development and business location decisions involve a variety of considerations.
These include assessments of local tax rates, wage rates, availability of skilled labor,
amenities, and other quality-of-life factors, as well as transportation infrastructure. In 1986,
Barton-Aschman Associates conducted a feasibility study of high speed rail impacts in the
state, including an assessment of potential land-use development impacts. They found that
while high speed rail investment itself was a factor, it would not be the sole determinant of
future development activity around stations. Referring to an example of development along
Amtrak's Northeast Corridor, they stated "... after over $5 billion of reinvestment, the joint
development activity which is now occurring at stations is more a function of comprehensive
local community efforts to package development than the real estate market response to the
system improvements."1 Barton-Aschman concluded that similar conditions would be
necessary for development to occur around Florida's high speed rail stations.
Similar to economic activity impacts, it would be uncertain to what extent future landuse development around high speed rail stations is displaced from other areas of the state.
For a project of statewide influence, such as high speed rail, there are no net land-use
development benefits if resources that would be utilized in one region or county are shifted
to another. Net development benefits result only if the development spending is provided
by out-of-state sources who otherwise would not invest in Florida if not for high speed rail.

1

Balton-Aschman Associates, Inc. Florida High-Speed Rail Study Executive Summary. (Florida High Speed
Rail Transportation Commission, 1986) page 3-27.
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The Barton-Aschman study did not assess to what extent the projected development activity
around high speed rail stations would be due to a diversion of resources from other areas
of the state or to new investment. Because land-use development depends on a number of
development factors and market conditions, and because of the potential displacement of
development activity from within the state, this impact was not considered in this analysis.
Another impact area, addressed in the 1986 Barton-Aschman study, is the effect that
high speed rail would have on tourism and tourism expenditures in the state. The
consultant analyzed these impacts based on responses from interviews with management of
the state's largest recreation attractions. They concluded that the tourist-commodity aspects
of high speed rail and expanded travel options would increase tourism expenditures in the
state from 1.5 to 3.0 percent above baseline conditions. The estimated present worth of
these impacts were $3.8 billion in additional expenditures and 1.0 million additional job
years. While determining tourism impacts was beyond the scope of this study, it is
important to acknowledge them, given that previous estimates of these impacts were quite
large.
The value of high speed rail as a tourist commodity will depend largely on its novelty.
Since the time of the Barton-Aschman study, there has been an increase in the number of
proposed high speed rail systems. Table 3 lists the major systems currently under
consideration in the U.S. and Canada. The prospect of several other systems being in place
before the Florida system may significantly impact its appeal as a tourist attraction and,
hence, lessen the tourism impact.
While it is entirely reasonable to conclude that a more effici~nt transportation link
would create additional travel options for tourists, these travel options will not necessarily
result in new retail sales. Barton-Aschman's analysis, as previously stated, involved
interviewing management of major recreation attractions in the state. It can be expected
that interview responses would be optimistic given that an improved transportation link
would be perceived as favorably impacting local businesses. The degree to which this
natural bias was considered in the consultant's analysis is not certain. However, the primary
factor to be considered is whether an improved transportation link would induce additional
expenditures or merely result in a redistribution of a tourist's planned expenditures from one
location to another. If tourists plan vacations around a pre-determined time and dollar
7

Table 3
Proposed High Speed Rail Systems
Location

Georgia

Status
Phoenix-Tucson •
Pueblo-Colorado Springs-DenverBoulder-Ft. Collins

·.F~11dingf§9~~~!9'.P.·.~9k:siud.t ::>··
Legislative effort undertaken to
create a Commission

Miil~rtqJ1aii~,{rimi,itt

_:;..-.·:-:-...·.,.·..·.· ... ;:_::·:::::::.;::.:-::;.;•.·.

Atlanta-Columbus/MaconSavannah

ifli <gi ih&I£ifa ·KansJft: : . · · ·. o~fr6itiuW;~J!sf.'a~~~i<;G1;:
•.· •.·.·.M. ·.inc·. · ·.•.!g
.. ·
.... .·
· .·. . '.a:. ·• .·•.n•. :•.·.•1·: ·• · •· • :•.·:.· .M·•.·•.·. i·. s•. •. s. . ·. :·.o·,;•· •.··.· •.•u·•·r ·.·.i,·•. ·o·.·h. · 1·'.;o•·•.• .• •·•·.•·.••. · •.· ·.•. .•:.•· .•.·•·•.· :· • · · •. ci§'~!h1!.!rnapolis:cH1chfuati}fi!t
Illinois, Minnesota, Wisconsin Minneapolis-Chicago
·•1····u··.,·•·•·••::=::ft.:::M,:•;:=::::;••••,••••••••••••••.•.••.....•.
...·......mo1s·\
1ssouri::·
·Ji0
P~f.i,j
;.:-•::.;-:-•-·.t:>--.·,,·. -· ·-· .•.·, ..::,:-.::·
anta Fe-Albuquerque
New Mexico
·.·•hi·
..

tAf\frt2·Hif.f ::t\ff

. ~~•yg;kcity~XfBiriy~ri·
New York City-Montreal

.......

·,

.

.. .... -·-·.·-·-•.•,•-·-·-· ·····

NfW RFPJ:Kbt' iksii'f'a
Study underway

·'.~b~~~~li i:~i:~itfy·:sy~idrn•.: . ;.,
Study underway

\sMa?'t~:ij~l~x::,::1 1::
Study completed
··s1uaf ti~~~t~;1Ill. :::r
1

Further study underway

···smd;;tg{~t~i.~t~~ : •· ·.• >:: <·
Study underway

.·ricipcii~iiiik~frt~d mbtiil~LK~a>· · ·
•••oper~~§I~Y.~t?fill:tll:
San Diego-Los Angeles-San
Commission formed, two routes
Francisco-Sacramento-Reno-Las
under consideration
Vegas
.Pifishti.tgh2 afrfsBJf hWl4f1i~ii).

gif

'ff

Dallas-Houston-San Antonio-

.·:•s£Jdy JH~?DY;f/!i,ropp~";WI: lit>/••••·

:s~bmitte1irWi1:1t::£oriiiiiissioii]l?·:••·
:• · estabiish~<MIIIfIt

Source:

High Speed Rail Association, 1991

budget, a high speed rail link may offer a wider range of tourist attractions, but may not
impact total spending by tourists.
As previously mentioned, measuring the impact of high speed rail on tourism in the
state was beyond the scope of this study and, as such, is not evaluated in this report.
However, given that more than half of high speed rail's projected passengers are traveling
for non-business purposes, conducting additional analysis of the motivations and expected
behavior of this group might enhance the ability to forecast these impacts.
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In summary, research concerning impacts of transportation investments indicate that
net benefits are derived when the investment results in lower transportation costs. The
generally accepted measures of these benefits include decreases in travel time and travel
costs, reduction in pollution emissions, and improved safety. There may also be benefits
resulting from additional tourism expenditures and from attracting spending and
development from sources outside the state. Additional research in both areas is required.

Ridership Estimates
Ridership estimates are the basic input data in the analysis of high speed rail impacts.
Ridership was independently estimated by each Florida HSR applicant using travel demand
and mode choice models developed for the project. Estimates from both proposals for the
base year 1995 through the year 2006 (to year 2000 for TGV) are shown in Figure 2. Oneway trip estimates developed by FHSRC show ridership increasing from 4.5 million in 1995
to 6.1 million in 2006. Ridership estimates of TGV are slightly higher, but increase at a
slower pace. Since FHSRC was the remaining applicant, their estimates were used in the
analysis.
FHSRC estimated ridership in four travel markets--diverted air travelers and diverted
auto travelers each by two trip purposes (business and non-business). Existing total intercity
trips by air and auto modes were determined first. Future intercity trips were estimated
based on projected population changes in counties with proposed high speed rail stations.
The number of air trips between those cities to be serviced by high speed rail were
obtained from two sources. For non-commuter airlines, air trips were estimated from a 10percent sample of airline tickets collected for the U.S. Department of Transportation's
Origin and Destination Survey of Airline Passenger Traffic. According to FHSRC, "This
nationwide sample is known to under-represent air trips made on commuter aircraft since
airlines that operate aircraft with 60 or fewer seats can obtain a waiver from the reporting
process."2 The second source used to determine commuter air trips was an in-lounge air
travel survey conducted in August 1989. The survey provided actual boarding counts by trip

2

Flon"da High Speed Rail Corporation. Sufficiency Rewonse for the Franchise APJJlication: Appendix
Ridership Report. (Deerfield Beach, FL: Flon"da High Speed Rail Corporation, 1990) page 5.
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Figure 2
High Speed Rail - Estimated Passengers
Annual (Millions)

7.0
FHSRC
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I

2006

Sources: FHSRC and TGV Proposals

purpose (business versus non-business travel) during a five-day period. Connecting or
continuing air travelers were excluded from the survey because they were not considered to
be potential users of high speed rail.
Intercity auto trips were also obtained from two sources. The first source was cordon
counts and surveys compiled by the Florida Department of Transportation (supplemented
later by FHSRC surveys in the Tampa, Orlando, and Lakeland metropolitan areas). The
second source was an auto survey conducted in the Orlando area to determine the number
of business and non-business auto trips.
The number of estimated intercity air and auto trips by purpose and high speed rail
level-of-service characteristics were then incorporated into mode-choice models in order to
calculate the number of diverted air and auto trips by trip purpose. Level-of-service
characteristics used in the analysis included travel costs, travel times, and train frequency
(or headways). Average coach fares were used to determine the cost of air business t~avel,
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while weighted average prices for three-day advance purchase tickets were used to calculate
non-business air travel costs. FHSRC used $0.20 per mile plus tolls (1989 dollars) to
estimate auto trip costs for business travel and $0.10 per mile plus tolls for non-business
auto trip costs. (The difference in business and non-business unit operating costs reflects
different vehicle occupancy rate assumptions for business and non-business travel.) In all
estimates, travel costs were assumed to remain constant in real dollars over time.
Travel times for business and non-business trips were assumed to be equal. Printed
airline schedules were used to obtain air travel times and wait times. Airport access times
were estimated from responses to the in-lounge survey, which contained several questions
regarding access/egress travel characteristics. It was assumed that high speed rail access and
wait times were equal to those for air travel. Auto travel times were calculated based on
distance traveled between origin-destination pairs and assumed average speeds. Auto access
and wait times were assumed to be zero.
FHSRC's assumed sixteen round trips per day would operate through the 1995 to
2006 time period at approximately one-hour headways. High speed rail stations are to be
located in Miami, Ft. Lauderdale, West Palm Beach, Orlando, Lakeland, and Tampa. By
2006, new stations will be added in Ft. Pierce and Boca Raton.
Table 4 lists the estimated number of high speed rail passengers by former mode of
travel in 1995 and 2006. FHSRC estimates that 29 percent of high speed rail passengers will
be diverted from air travel and 71 percent from auto travel.* Table 5 lists the _estimated
shares of the total air and auto travel markets captured by high speed rail. In 1995, high
speed rail is estimated to capture 28.4 percent of total non-through air passenger trips and
5.6 percent of total auto passenger trip market between Tampa, Orlando, West Palm Beach,
Ft. Lauderdale, and Miami.

Auto and Aircraft Diversions
Diverting auto and air travelers onto high speed rail will reduce the number of auto
trips and aircraft flights in the travel corridor. The impacts of eliminated auto trips and

*FHSRC did not include
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estimate of induced (i.e., new) trips generated by high speed rail.
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Table 4
Passenger Diversions From Former Modes
Year

Passengers

Passenger Diversions
from Auto

Passenger Diversions
from Air

2006

6,125,423

4,349,050

1,776,373

Source: FHSRC Proposal

Table 5
High Speed Rail Market Shares
of Former Mode and Trip Purpose: 1995
Air

Auto

Total

Btisiness
Non-Business

Source: FHSRC Ridership Appendix

aircraft flights include reduced fuel consumption, pollution emissions, and auto and aircraft
accidents.
The number of eliminated auto trips will depend upon the number of auto traveler
diversions and auto occupancy rates. The American Association of State Highway and
Transportation Officials (AASHTO) recommends using the following auto occupancy rates
in the absence of locally derived values: 3
Trip Type
Work
Social-recreational
Personal business
Average

Adults per Vehicle
1.22
1.98
1.64
1.56

3

AASHTO. Manual on User Benefit Analysis o(Highway and Bus-Transit Improvements. (Washington,' D.C.:
AASHTO, 1978) page 17.
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To estimate the number of auto trips eliminated by diverting auto travelers to high
speed rail, occupancy rates of 1.22 for business travel and 1.98 for non-business travel were
used. Estimates of eliminated auto trips are shown in Table 6. In 1995, 2.0 million auto
trips will be eliminated by diverting auto travelers to high speed rail. Eliminated auto trips
are estimated to increase to 2.7 million trips by the year 2006.
Table 6
Estimate of Eliminated Auto Trips
Total
Diverted Auto
Travelers

Eliminated
Business
Auto Trips

1,429,483
Sources:

Eliminated
Non-Business
Auto Trips

Total
Eliminated
Auto Trips

1,315,697

2,745,180

FHSRC Ridership Appendix
CUTR Estimates

Estimating eliminated aircraft flights is more difficult than estimating eliminated auto
trips. Predicting the response of airlines when faced with new competition and with a
potentially significant loss in market share is very problematic and speculative. High speed
rail will compete directly with airlines for intercity air trips. To retain control of airport
slots* and to protect facility investments, airlines are likely to meet this competition in the
short run by lowering air fares rather than by eliminating flights. Longer term actions of
airlines could include reducing the size of the aircraft to maintain load factors and profit
margins, restructuring schedules or flight connections, implementing cost containment
measures to reduce fares, or implementing new marketing and incentive programs to bolster
passenger activity. In short, there are a wide range of options available to airlines which
could affect the number of flights and the aircraft mix serving these local markets.
Despite a myriad of possible actions by the airlines, an approach reflecting a probable
airline response was developed. Assuming passenger diversions occur in the order of

*Capacity of an airport is' always limited because of the physical layout of the airport, regulations that establish
safe separation standards for aircraft, and airspace restrictions due to proximity to other airports or restricted areas.
171ese factors detem1ine the level of traffic, measured in aircraft "slots'; that can be safely handled by the airport
system. In other words, only a fcred number of aircraft can land or depart from an airport over a given time. An
airline can effectively limit competition from other airlines by controlling the available slots at an airport. · As a
result, airlines are reluctant to relinquish control of these slots by eliminating flights.
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magnitude projected by FHSRC, airlines will likely counter the loss in passengers by
downsizing the aircraft mix (i.e., using smaller aircraft) and reducing the number of flights
in order to maintain current load factors. Table 7 lists the various aircraft that currently
operate between Tampa, Orlando, West Palm Beach, Ft. Lauderdale, and Miami. The table
also lists the seat capacity of each aircraft type and estimated annual passengers carried
based on industry load factors* for commercial and commuter flights.
Aircraft of all sizes currently fly in the travel corridor, ranging from a 275 seat A300
Airbus, to a nine-seat Piper. The average seating capacity of the aircraft in service is
approximately 79 seats. Average industry load factors are 60.8 percent for commercial
service carriers and 47.4 percent for commuter service carriers. (Airline industry load
factors have been relatively stable over the last decade). Based on the mix of aircraft
utilized in service between these cities, the weighted average load factor is about 58 percent,
assuming aircraft smaller than a DC9 are used exclusively for commuter service.**
Table 8 shows the estimated number of eliminated flights in 1995 and 2006 by market
segment. The approach assumes that airlines will reduce capacity to a point where existing
load factors can be maintained with the remaining passenger demand. This capacity
reduction is assumed to be achieved in two ways. Half of the excess capacity will be
removed by eliminating flights, and the remaining half of the excess capacity will be
removed by switching to smaller aircraft. Existing flights by type of aircraft were obtained
from printed airline schedules for the Spring of 1991. The number of future flights were
projected to increase at 3.5 percent per year, based on projections of activity at the major
airports located in Tampa, Orlando, West Palm Beach, Ft. Lauderdale, and Miami. 4 It was
assumed that the current mix of aircraft utilized in these markets will remain the same
through the 1995 to 2006 time period.

*A load factor is the percentage of total capacity that is actually sold or occupied. An aircraft with 100 seats
carrying 60 passengers has a seat load factor of 60 percent.

**The size of the aircraft is a good detenninant of its use (i.e., in commercial vs. commuter service). Aircraft
smaller than the 120-seat DC9 are those used primarily in intercity commuter service in Florida, while those above
that size are typical of those used in commercial service.
4

Federa/ Aviation Administration. Tenninal Area Forecasts FY 1990-2005. FAA APO 90-6, July 1990.
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Table 7
Florida Flight Information*

Aircraft Types

Annual
Flights

Estimated
Annual
Total Seats

Average
Load
Factor

Estimated
Annual Total
Passengers
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.·.•,•.•·-···.········
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1,164,800

Boeing 757 (200 passenger)
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60.8%
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60.8%

itlit!i::~A{)Q··
2,556,060

Boeing 727 - 200 (all series)

':~iJIIj;tt~Iit::::: n> -------------------
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60.8%

Boeing 737 - 400

:(~1&i:!@z¥l~e:iji~~liiijs§ricis\
McDonnell Douglas DC9

'.f§1%~t•!28 t;1l?¼6i~ D

5,132,538

Total

*Includes flights between Tampa, Orlando, West Palm Beach, Ft. Lauderdale, and Miami.
Sources:

Concise Color Guide: Modern Civil Aircraft
Printed Airline Schedules
FAA Aviation Forecasts
CUTR Estimates

As shown in the table, for example, there are 26,804 flights projected for the TampaMiami market in 1995. These include flights originating and terminating in both cities, as

well as connecting through-flights. FHSRC estimates that 202,294 air passengers will be
diverted from this market. The average seat capacity of aircraft operating in the market is
assumed to be 88.2 (as it is today); the average load factor in the market is 58.3 percent
(i.e., approximately 51 of 88 seats are occupied on average). To maintain the existing load
factor in this market, airlines will need to eliminate 1,967 flights to remove half of the excess
15

Table 8
Estimate of Eliminated Aircraft Flights
Air Travel
Market

Year

Average
Load
Factor

Annual
Flights

Annual
Diverted
Passengers

Eliminated
Flights

Percent
Flights
Eliminated

1,776,372

21,015

11.2%
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TPA-MIA

1995
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Totals

::rr:20,&fa
188,398

75.8

57.5%

66.9

*Travel through Ft. Pierce station, which is scheduled to open by 2006.
Sources: Printed Airline schedules
FAA Terminal Area Forecasts
Concise Color Guide: Modern Civil Aircraft
CUTR Estimates

capacity caused by the passenger diversions and reduce the average seat capacity of
remaining flights to 81.2 to remove the other half of the excess capacity.

If passenger diversions occur as estimated by FHSRC, the greatest impact will be in
the Tampa-Orlando market. In 1995, the estimated size of this market is 335,077 passengers
(9,492 flights times 61.5 seats per flight, times 57.4 percent load factor). A diversion of
207,897 passengers would reduce 62 percent of the estimated market. Obviously, a loss of
this magnitude is significant. To maintain a 57.4 percent load factor, 31 percent of the
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flights would need to be eliminated and the average aircraft size would have to be reduced
from 61.5 to 33.8 seats. In total, an estimated 15,362 flights would be eliminated in 1995
based on the discussed assumptions. Eliminated flights are estimated to increase with the
growth in travel in these markets, increasing to 21,015 eliminated flights by 2006.

Transportation Impacts
Travel Time
One of the primary factors considered in a decision to construct a new transportation
link is the reduction in travel time. With operating speeds greatly exceeding those of the
auto, high speed rail travel will significantly reduce line-haul travel times for diverted auto
passengers. When total travel time is considered, which includes station access and wait
times, more modest travel time savings will result. Compared to air travel, high speed rail
travel times are longer (slower).
An analysis of travel time savings, however, does not account for the differences in
travel comfort experienced by the diverted passengers. It is reasonable to assume that the
majority, if not all, diverted auto travelers (particularly drivers) will experience a more
comfortable ride during a high speed rail trip. The same might be expected for some
diverted air travelers, especially for those who experience discomfort or have a fear of
flying.*
As shown in Table 9, FHSRC estimates that the average auto traveler spends five
hours in route from Tampa to Miami. FHSRC estimates that this same trip by air will take
two hours and eleven minutes (including airport access and wait times). A trip on high
speed rail would offer a travel time savings of forty-six minutes to the auto traveler, but
would be more than 95 minutes longer than a trip by air. One of the major assumptions in
the computation of travel times is that the access and wait times of high speed rail are equal

*Comfort is a subjective measure. There is insufficient data to attempt to quantify the benefits of enhanced
travel comfort. Presumably, the additional benefit derived from a more comfortable ride may offset, to some extent,
the inconvenience of the additional travel time for some diverted air passengers or the additional travel costs for
some diverted automobile passengers.
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to air travel. The assumed access times vary by city, but average 39 minutes per trip in total
for both trip ends (i.e., including ingress and egress). Wait times at stations or airports
average 35 minutes per trip.
Table 9
Comparison of Travel Times by Mode for Selected Trips
Origin/Destination Pair

Air

Auto

High Speed Rail

*Includes line haul, access and wait times ( access and wait times for high speed rail
and air travel were assumed to be equal). See appendix for more detail.
Source: FHSRC Ridership Appendix

Based on travel times between each origin-destination pair by each mode of travel,
annual travel hours saved for the estimated diverted auto and air passengers were
calculated, and are shown in Figure 3. High speed rail is estimated to save passengers 1.8
million travel time hours in 1995. These savings are net of the additional travel time
estimated for diverted air travelers. By 2006, the increase in estimated ridership will result
in total time savings of 4.3 million hours (net of air travel time differences). Detailed
computations of travel time savings are provided in the Appendix.

Value of Time
The economic impact of travel time savings is measured using value of time estimates.
The basic theory is that there is an opportunity cost associated with the time it takes to
travel from one location to another. In other words, a person will have the opportunity to
use the time saved on a trip in another, more productive way, such as working at the office
or spending it in some leisure activity. Therefore, if a transportation improvement results
in travel time savings, the value of the travel time saved is a benefit of the transportation
improvement. "The tacit assumption is that the activity, traveling, for a relevant range,
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Figure 3
Travel Time Hours Saved by Diverted Auto and Air Passengers
Travel Time Hours (Millions)

1995

Sources:

2000

2006

FHSRC Ridership Appendix
CUTR Estimates

produces a disutility for the individual traveler."5 The degree of disutility can vary widely
but is somewhat related to the type of trip and the length of the travel time delay or savings.
For example, a tourist may not mind a ten minute travel delay as much as a business
traveler. However, a travel delay of one hour or more may be equally inconvenient to both
types of travelers.
One of the most widely accepted methods used in the transportation industry to
determine value of time was developed by the American Association of State Highway and
Transportation Officials (AASHTO). AASHTO's methodology computes value of time
based on the amount of travel time saved and type of trip and is expressed as a percentage
of the traveler's hourly income. For slight travel time savings, such as five minutes or less,
the unit value of time saved is low (approximately six percent of the traveler's hourly wage
for work trips). For travel time savings exceeding 15 minutes, the unit value increases to

5

Mishan, EJ. Cost-Benefit Analysis. (New York: Praeger Publishers, 1976) page 276.
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52.3 percent for work trips. The unit value of time saved for work trips is about twice that
for social/recreational trips. AASHTO's findings are supported by others, such as Heilbrun,
who states "individuals value travel time at not more than half their wage rate."6 A
summary of AASHTO's value of time for work, average trips, and social/recreational trips
is presented below.

Time Savings

Percentage of Average
Hourly Family Income

Less than 5 minutes
Work trips
Social/recreational trips

6.4%
1.3%

5 to 15 minutes
Work trips
Social/recreational trips

32.2%
10.7%

Greater than 15 minutes
Work trips
Social/recreational trips

52.3%
28.2%

To estimate the value of time saved by high speed rail passengers, the average wage
rate in Florida was obtained from the U.S. Department of Commerce, Bureau of Economic
Analysis (BEA). In 1990, Florida's average wage rate was $11.42 per hour. Over time,
however, real wage rates have grown and will continue to grow with labor productivity.
BEA projects that real per capita income in Florida will grow at 1.26 percent per year from
1988 to 2000. Assuming real wage rates will increase at the same rate as per capita income
and will continue to grow at the same rate to 2006, real wage rates will be $14.58 per hour
in 1995 and $24.93 per hour in 2006. Thus, for travel time savings of 15 minutes or more,
the value of time used in the analysis is $7.63 per hour for business trips and $4.11 per hour
for non-business trips in 1995. These values increase to $13.04 per hour for business trips
and $7.03 for non-business trips in 2006.
Figure 4 presents estimates of the total dollar value of time saved for diverted air and
auto passengers. Since high speed rail will increase travel times for diverted air passengers,

6

Heilbrnn, James. Urban Economics and Public Policy. (New York: St. Martin's Press, 1987) page 181.
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the value of their additional travel time is deducted from the value of time saved by diverted
auto passengers. In 1995, estimated travel time savings total $10.2 million. As real wages
and travel demand in the corridor increases, travel time savings increase annually to $40.2
million in 2006.
Figure 4
Value of Travel Time Saved by Diverted Auto and Air Passengers
Value of Travel Time Saved (Millions)

$50

$40

$30

$20

$10

$0
1995
Sources:

2000

2006

FHSRC Ridership Appendix
AASHTO Manual on User Benefits
U.S. Department of Commerce Bureau of Economic Analysis
CUTR Estimates

Travel Costs
A comparison of travel costs by alternative modes between origin-destination pairs
was made to determine the travel cost impacts of high speed rail. By reducing the travel
costs of future passengers, high speed rail will contribute to an increase in societal real
income. The amount of savings in travel costs is, therefore, counted as a benefit of high
speed rail.
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Auto travel costs consist of vehicle operating costs, parking, and tolls.

Vehicle

operating costs include gasoline, oil, maintenance, tires, depreciation, and insurance.*
Certain fixed costs associated with auto ownership, such as auto finance charges and license
and registration fees, are not included in the computation of vehicle operating costs because
these costs are incurred whether an auto trip is made or not (i.e., these costs are not saved
by diverting a trip to high speed rail). Another fixed cost, depreciation, is included because
an auto depreciates much faster while in operation. Further, auto owners will consider the
negative impacts (i.e., wear and tear) of the additional mileage on their vehicles for long
distance trips. Insurance costs are included because these costs are closely related to auto
usage.
Statistics compiled by the American Automobile Association indicate that the cost of
operating an intermediate-sized, 1990 model-year auto is $0.29 per mile (including insurance
and depreciation but not financing and registration fees). 7 Factoring in the cost of tolls for
those autos that use toll routes, the average vehicle operating cost per mile increases to
$0.30.*
The real cost of operating an auto will decrease over time, however, if fuel economy
of new autos continues to improve and if fuel and other costs remain constant (discounting
for inflation). From 1980 to 1988, average fuel economy for passenger cars improved at an
average rate of 3.24 percent per year, from 15.46 m.p.g. to 19.95 m.p.g. 8 If this trend
continues, estimated average fuel consumption rates in 1995 and 2006 for passenger cars will
be 23.4 and 33.2 m.p.g., respectively. If the real costs of fuel and other operating costs per

*Insurance costs indirectly reflect the cost of automobile accidents, including fatal and injury accidents. The
cost of insurance for air and high speed rail travel, which is included in airline fares and future high speed rail fares,
also reflects expected accident costs of these modes. An estimate of reduced accident costs is not included in this
report because data is not available for air accident costs and estimates of high speed rail accident costs is highly
speculative. Since insurance costs are included in travel costs, however, they are indirectly accounted for in the cost
of travel. The number of accidents avoided by reducing auto trips and aircraft flights is presented in a later section.
7

American Automobile Association (AAA). Your Driving Costs. Heathrow, FL: American Automobile
Association, 1990.
*Diverted autos in each travel market were assigned to a number of available highway routes. A toll charge was
included for those autos assigned to toll routes and averaged with total operating costs of all diverted autos.
8

U.S. Department of Transportation, Federal Highway Administration, Highway Statistics, annual.
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mile remain constant (i.e., in 1990 dollars), auto operating costs per mile will decrease. Fuel
costs accounted for $0.054 per mile, or 13.5 percent of total operating costs in 1990.9 If fuel
consumption continues to improve at 3.24 percent annually, real fuel costs per mile will
decrease to $0.046 per mile in 1995. Therefore, real vehicle operating costs would be $0.29
per mile in 1995. By 2006, real vehicle operating costs will decrease to $0.28 per mile
(including insurance and tolls).
Auto travel costs for diverted auto travelers were projected using these ~ost estimates
and mileage between origin-destination pairs. A $5 and $10 parking charge for non-business
and business trips was also included in the cost per auto trip. Travel costs were then
adjusted to reflect the average cost per auto passenger based on the vehicle occupancy rates
discussed earlier.
Air travel costs include airfare and an access travel charge to account for travel to
and from the airport. Average coach fares in effect during the winter of 1990 were used to
determine the cost of business travel by air. For non-business travel, weighted average
prices for three-day advance purchase tickets (with a Saturday overnight stay) were used.
Travel costs for high speed rail include railfare for business and non-business travel, as
presented in the FHSRC proposal (railfares were updated to 1990 dollars). In addition, an
access charge for travel to and from high speed rail stations is included in rail travel costs
and is assumed to be the same as the access charge for travel to and from airports.
Access costs vary by mode. Air travelers use private auto, rental car, taxi, airport
limousine, bus, and other modes to travel to and from airports. A study sponsored by the
U.S. Department of Transportation indicates the following average observed modal choice
patterns of enplaning passengers at Miami International Airport. 10
Private Auto
Car Rental
Taxi
Airport Limousine
Bus

42%
11%
22%
10%
15%

9

American Automobile Association (AAA). Your Driving Costs. Heathrow, FL: American Automobile
Association, 1990.
10

U.S. Department of Transportation. AiTport Ground Transportation: Problems and Solutions. Febma,y

1981.
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An average access cost per air traveler was developed based on the distribution of
these modal choices and an assumed access cost for each mode. The access cost for air
travelers using a private auto, based on vehicle operating costs and average access travel
distance. Access travel distance was calculated by dividing average access time for each
airport by an assumed auto speed.* Of the travelers that arrive at the airport in private
autos, one-quarter are assumed to park their cars at the airport, while the remaining air
travelers are assumed to be dropped off. A $10 parking charge is applied to the estimated
number of travelers that park their autos at the airport.
The access cost for those travelers using rental cars is assumed to be the same cost
as those using private autos, without a charge for parking. Access cost of those travelers
using taxis was assumed to be $1.00 per mile for the access trip distance. Airport limousine
costs were assumed to be half of the taxi charge, or $0.50 per mile. The cost of bus access
was assumed to be $ 1.00 per trip. Based on the modal choice distribution and modal access
costs, the weighted average access cost was estimated to be $10.40 per air traveler. This
average access cost per air traveler was also used to calculate access costs of high speed rail
passengers.
Table 10 shows the estimated one-way travel costs for selected origin-destination pairs
by mode. As shown in the table, business travelers on a Miami to Tampa trip would pay
$71.40 by air, $72.85 by auto, or $66.04 by high speed rail. High speed rail offers lower
costs for all diverted travelers, except non-business auto travelers. Figure 5 shows the total
annual travel cost savings of diverted air and auto passengers. Travel cost savings are
estimated to be $15.1 million in 1995 and $14.2 million in 2006. Savings decline through the
period because of the decrease in real auto operating costs and increases in non-business
auto diversions. It should be noted that these estimates are very speculative because of the
uncertainty of future high speed rail fares and air fares.

*Access times were estimated by FHSRC from air passenger surveys. The assumed access travel speed is 30
m.p.h.
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Table 10
Travel Costs per Passenger by Mode for Selected Trips
Auto*

High Speed Rail

Air

Origin/Destination Pair

Miami/Tampa

Business

Non-Business

Business

Non-Business

$72.86

$42.37

$71.40

$58.40

Business Non-Business

$66.04

$51.35
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Ft. Lauderdale/Tampa

$68.58

$39.73

$113.40

$79.40
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$61.85

$50.30
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*These are average costs per auto traveler based on 1.22 and 1.98 passengers per vehicle for business
and non-business travel, respectively.
Sources:

MVMA Facts & Figures '90
Spring 1991 Airfares
FHSRC Ridership Appendix
CUTR Estimates

Figure 5
Travel Costs Saved by Diverted Auto and Air Passengers
Travel Cost Saved (Millions)
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Energy Consumption
High speed rail can be significantly more energy efficient than auto or air trips,
especially in the Tampa-Orlando-Miami corridor. An evaluation of the energy consumption
rates of the three travel modes was conducted to determine the relative energy efficiency
of high speed rail. In order to compare the three modes, it is necessary to convert the form
of energy used by each (in this case, electricity for high speed rail and gasoline for autos and
aircraft) to equivalent units. Both electricity and gasoline are readily converted to Btus
(British Thermal Units). Energy consumption rates of each mode were evaluated using two
measures: Btus per available passenger seat mile and Btus per occupied seat mile. Both
measures were calculated based on energy consumed during a Miami to Tampa trip.*
One kilowatt hour of electricity and one gallon of gasoline are equivalent to 3,412
Btus and 127,654 Btus, respectively. These values, however, reflect the heat content of each
energy source at the point of final consumption. The gross cost of energy delivered to the
point of consumption is higher because of heat losses that occur during fuel source
extraction, delivery, conversion, and transmission. For electrical energy, losses occur during
delivery of the fuel source (e.g., oil, coal, or natural gas) to the power plant, during the
conversion process and through heat loss at the plant, and during transmission of electricity
from the plant to the point of consumption. Energy losses also occur during delivery,
refining, and distribution of liquid fuel energy (i.e., gasoline) used in internal combustion
engines. "Only 29.0 percent of energy originally contained in the coal extracted at a mine,
for example, reaches the electric transit vehicle, whereas 82.7 percent of the energy in the
crude oil extracted reaches the internal combustion-powered vehicle. Thus, the heat content
of the energy used by electric and liquid fueled vehicles are multiplied by 3.45 and 1.21,
respectively, to bring both measures to the common denominator of gross energy input
needed for vehicle operation."11 Therefore, the gross cost of energy for one kilowatt hour
and one gallon of gasoline are 11,771 Btus and 154,461 Btus, respectively.

*A Miami to Tampa trip was chosen for illustrative purposes. The energy consumption rates for trips between
other origin-destination pairs will be similar.
11

Pushkarev, Boris and Jeffrey Zupan. Urban Rail in America: An exploration of criteria for fi.xed-guidewqy
transit. (UMTA-NY-06-0061-80-1. New York: UMTA Technology Sharing Program, 1981) page 121.
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The estimated average fuel consumption rate of a passenger car in 1995 (23.4 m.p.g.)
was used to estimate the gross energy consumption of the auto mode. Vehicle occupancy
rates of 1.22 and 1.98 were used to determine the relative efficiency of business and nonbusiness travel. The fuel consumption rate of a Fokker F28 was used for the air mode. The
F28 is a jet aircraft with a seating capacity of 75. This aircraft is about the average size of
those currently providing service between cities in the high speed rail corridor. Based on
industry load factor statistics, it is assumed that 44 seats (58 percent) would be occupied on
an average flight.
Energy consumption of high speed rail was estimated using data from the FHSRC
proposal. On a Tampa to Miami one-way trip, a high-speed rail train would consume 14,000
· kilowatt hours, or 47.8 million Btus. It is assumed that 336 seats, or 70 percent of 480
available seats, will be occupied on an average trip.
The energy consumption rates per occupied seat mile of the air and high speed rail
modes include a penalty for the energy consumed during facility access (i.e., travel to and
from the airport or high speed rail station). It was assumed that each passenger will access
high speed rail stations or airports by auto (one passenger per auto). Access travel distance
is the same used in the computation of access travel costs, as previously discussed. With an
average access travel distance of 19.5 miles (average access time of 39 minutes at 30 m.p.h.),
0.83 gallons of gasoline will be consumed during each passenger's facility access. Thus, the
Btu equivalent of the gasoline consumed per passenger during the access portion of a highspeed rail or air trip is 128,200 Btus. Multiplying this value by the total number of
passengers on an air or high speed rail trip provides the total energy access penalty (5.6
million Btus per air and 43.1 million Btus per high speed rail train trip).
Based on these assumptions, the energy consumption rates per occupied passenger
seat mile were calculated, and are shown in Figure 6. As evident in the figure, high speed
rail is more energy efficient, consuming 2,062 Btus per occupied passenger seat mile
compared to 16,539 Btus, 5,400 Btus, and 3,327 Btus for air, auto business and auto nonbusiness trips, respectively. In addition, high speed rail will operate at a speed that is three
times faster than the private auto. Though not as fast as air travel, big~ speed rail will be
significantly more energy efficient.
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Figure 6
Btus Consumed per Occupied Seat Mile by Mode
Gross BTUs/Occupied Seat Mile
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FHSRC Sufficiency Report
CUTR Estimates
Thomas A. Lynch

The resultant energy efficiency of each mode is largely affected by occupancy levels.
High speed rail will be more energy efficient that non-business auto travel for high speed
rail occupancy rates exceeding 43 percent.
The difference in energy efficiency will ultimately lead to a reduction in gasoline
consumption. ·The number of gallons of auto and aviation fuel saved by diverting passengers
was estimated, and is shown in Figure 7. These values, it should be pointed out, are not net
of the oil that would be needed by power plants to generate electricity for high speed rail.
High speed rail is estimated to reduce gasoline consumption by 33.8 million gallons in 1995
(20.7 million gallons from eliminated auto trips and 13.1 million gallons from eliminated
aircraft flights). By 2006, total gasoline saved is estimated to be reduced by 45.9 million
gallons.
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The savings in gasoline consumption results in the additional benefit of reduced
foreign oil imports. Data provided by the U.S. Energy Information Administration indicates
that nearly 51 percent of petroleum consumed in the U.S. is provided by foreign sources.
Thus, high speed rail implementation could result in reduced foreign gasoline imports of
16.9 million gallons in 1995, and 23.4 million gallons in 2006. Reducing foreign imports
strengthens the nation's energy independence, reduces the nation's trade deficit, increases
domestic security, and reduces the vulnerability of the U.S. economy to international
economic fluctuations.
Figure 7
Gasoline Saved by Diverted Auto and Air Passengers
Gallons Saved {Millions)

1995

Sources:

2000

2006

Federal Highway Administration, Statistics Division
FAA JACO Engine Exhaust Emissions Databank
CUTR Estimates

Safety
The safety impacts of high speed rail were determined by estimating the number of
accidents that would occur on trips taken by diverted passengers using their former modes.
Accident costs are not estimated because data on aircraft accident costs is not available and
estimates for high speed rail accident costs is speculative. These costs, however, are
indirectly reflected in insurance costs, which are included in modal travel cost estimates.
29

Extensive statistics on auto accidents are compiled by the Federal Highway
Administration. The data collected include the number of fatal, injury, and property
damage only accidents. These statistics are widely used to predict the number and types of
accidents based on an estimate of vehicle miles traveled over various roadway types.
Statistics on aircraft accidents are compiled by the National Transportation Safety Board
and the Federal Aviation Administration. These statistics include the number of aircraft
accidents and fatalities by type of service (i.e., scheduled, non-scheduletj, air carrier,
commuter and general aviation).
Estimating the safety performance of high speed rail is more speculative than auto
or air travel. Only two high speed rail systems are in operation today, the Japanese Bullet
Train and the French TGV. The safety performance of these systems has been excellent.
After 27 years of operation for the Japanese system and 10 years for TGV, neither system
has experienced an accident involving an injury or fatality.
There is no certainty, however, that the favorable safety record achieved by these
systems can be duplicated in Florida. There are numerous factors that affect railroad safety.
These factors include the degree of grade separation* and track protection along the
corridor, level of rail freight movement on high speed rail tracks (if any), skill level of the
train operators and switch controllers, operating speed restrictions through populated areas,
track and equipment reliability, and other factors. Since it would not be possible to
duplicate the exact operating conditions of the Japanese and French systems, assuming that
the Florida high speed rail system would also achieve a zero accident rate would be
optimistic.
The mileage death rate and injury rate

for auto travel in Florida have declined

steadily over the last decade, as shown in Figure 8. The analysis assumes that this trend will
continue through 2006 at an annual decrease of 2.0 percent, in both fatality and injury rates.
The rate is approximately half of the ten-year average, but is more in line with the trend in
the latter portion of the decade.

*Constrnction cost estimates presented earlier in this report reflect the cost of a less than JOO percent.grade
separated system. FHSRC has subsequently proposed a JOO percent grade separated system, and is negotiating with
the commission on the responsibility of the additional costs to achieve full grade separation.
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Figure 8
Trend in Florida Auto Mileage Death and Injury Rates
Accident & Death Rate Indices (1981•100)
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The accident death rate for national air travel has fluctuated significantly through this
same period, as shown in Figure 9. In this analysis, the average rate for the period is used
to estimate avoided fatalities and injuries associated with air travel. The accident rates for
both modes are shown in Table 11. Using these rates, the number of avoided accidents,
fatalities, and injuries, by diverted auto and air passengers, were estimated.
Table 12 indicates that by diverting auto travelers onto high speed rail from autos,
871 auto accidents are estimated to be avoided in 1995. This will result in 10 less fatalities
and 752 less injuries due to accidents. By 2006, avoided accidents are expected to increase
to 957. Avoided fatalities and injuries will total 11 and 814, respectively.
During the period from 1995 to 2006, approximately 216,000 aircraft flights will be
eliminated. Based on the aircraft accident rate, one accident is avoided for every 2~5,000
aircraft departures. Thus, an avoided aircraft accident that is attributable to the elimination
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Figure 9
Trend in National Air Accident Death Rates
Accident Rate Index (1981•100)
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Table 11
Accident Rates by Mode
Estimated Rate of Occurrence
Accident Measure

Accidents per 1 million vehicle miles

2.05

1.67

Fatalities per 1 million vehicle miles

0.024

0.020

Injuries per 1 million vehicle miles

1.77

1.42

Accidents per 100,000 departures

0378

0378

Fatalities per 100,000 departures

0.068

0.068

Sources:

Florida Traffic Crash Facts, 1989
National Traffic Safety Board
CUTR Estimates
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Table 12
Estimated Accidents Avoided by Diverted Auto Passengers

Year

Diverted
Autos

Vehicle
Miles
Traveled

2006

2,745,181

573,277,709

Sources:

Annual
Avoided
Fatalities

11

Annual
Avoided
Injuries

814

Annual
Avoided
Accidents

957

Florida Traffic Crash Facts
FHSRC Ridership Report
CUTR Estimates

of aircraft flights is estimated to occur approximately in the year 2009. Aircraft accident
fatalities occur less frequently. One aircraft accident fatality occurs for every 1.47 million
departures. At the level of eliminated aircraft flights, an avoided aircraft accident fatality
attributable to high speed rail diversions is expected to occur after approximately 50 years
of high speed rail operation.

Environmental Impacts
High speed rail will use relatively clean, stationary sources of energy production,
which will lead to environmental improvements. The power plants that will supply
electricity for high speed trains emit considerably less air pollutants than autos and aircraft
for equivalent levels of passenger loadings. An examination of pollution rates of autos,
aircraft, and of 26 power plants located along the proposed high speed rail corridor was
undertaken to determine high speed rail's potential impact on pollution emissions.
Emission rate statistics for autos and aircraft were obtained from the Environmental
Protection Agency. The Florida Department of Environmental Regulation provided data
on power plant emissions by type of fuel source.
Because of legislative initiative concerning the environment, particularly represented
by the passage of the Clean Air Act of 1990, future emissions of aircraft, automobiles, and
power plants, will be lower. Data are generally insufficient, at this point, to show
conclusions on the changes in relative emission rates of each mode. Therefore, current rates
were used to predict future emission levels.
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Total emissions were calculated for each mode based on estimates of the number of
eliminated auto trips and aircraft flights. Emissions generated from high speed rail
operation were estimated by developing ratios of train energy consumed by corridor segment
to the proportionate pollution loading output of power plants located along the corridor.
As shown in Table 13, there would be significant reductions in all but one form of

air pollutant emissions by diverting air and auto passengers to high speed rail.* In 1995,
the total reduction in air pollutant emissions will be 61,015 tons. The greatest impact on
pollution will be on carbon dioxide levels, totaling 54,500 reduced tons in 1995. By 2006,
the reduction in air pollutants is estimated to total 83,092 tons.

*An increase in sulphur oxide is predicted. Sulphur oxide is principally produced by burning coal. There are
a number of coal-based plants located along the proposed corridor from Tampa to Lakeland, which would be the
main source of electricity for the high speed rail trains along this route segment.
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Table 13
Pollution Emission Reductions from Eliminated Auto and Air Trips (in tons per year)
Year

Pollutant

Auto

Air

Total
Auto & Air

HSR

Net
Reduction

Carbon Dioxide*

JilMftiifa-•MaWJPf
. -··.·

•• :;:;.::;:;.;-::::;.:-:•:❖.·:<•--:•·.

1995

Nitrous Oxides

·¢iiitkM~11&xlJ/\ ··.

2006

Totals

57,313

47,743

*Based on calculations by Thomas A. Lynch
Sources:
Florida Department of Environmental Regulation
Environmental Protection Agency
CUTR Estimates
Thomas A. Lynch
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105,056

21,964

83,092
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Appendix
A.

Aircraft Diversions
Table Al
Estimated 1995 Diverted Flights by Air Travel Market

0/D Pair

Flights

per Year

Available
Seat• per
Flight

Average

Load
Factor

Occupied
Seat• per
Flight

Diverted

Air
Passenger<

Diverted
AirP=
per Flight

Excess
Seal Cap
per Flight

Reduced
Flights

Adjusted
Seal Cap
per.Flight

Percent
Flight•

Reduced

ORL-FTL

:;;gzxn
Totals

Table A2
Estimated 2006 Diverted Flights by Air Travel Market
0/D Pair

Flights

per Year

Available
Seats per
Flight

Average
Load

Fador

Occupied
Seats per
Flight

Diverted

Diverted

Air
Passengers

Air Pass

·-=-=-:•:•:•::::·:::=::::•·•·::::r

\wrii'.f:Ji);:\
Totals
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per Flight

Excess
Seat Cap
per Flight

Reduced
Flights

Adjusted
Seal Cap
per Flight

Percent
Flights

Reduced

Table A2
Projected Airport Operations

· 1995

2000

2005

Average
Annual
Growth Rate

1,244

1,421

1,614

3.5%

Projected Aircraft Operations (000s)
Airport

1990

:::::::::::::::::::::..:: .::::::::=:::::::::=:::=:t···::--.. , ...

:wiu:ra1iitBeaa:;:·1rl , , , ,
Orlando International

•tr~&t:r:Jal[ri~tWriiJ\:t=''
Total

968

Source: FAA Terminal Area Forecasts

B. Travel Time Matrix

Table Bl
Travel Time by Mode

Total

LineHaul

Access

Wait

Total

Auto
Travel
Times
(Total)

2:11

0:35

0:38

0:48

2:01

1:45

Air Travel Times

High Speed Rail Travel Times

0/D Pair

LineHaul

Access

Wait

Miami/Lakeland

¥.i;~1rrJ.:iti1< : :·
Ft. L/Lakeland

::l:~rµtt~il~!i !i iI\:
11

Ft. L/Ft. Pierce

=:::r~I~t~1§f:1!~:J1 :\: ,.,.,_

--~•v- .-.. ,

.. _.._._.,-..

- , .-.·=·- _,.,.,.,.,.,.,. .,. ,.,.,.,._.

Palm B/Lakeland
::;:::::;::::::::?:::;:::=::::::=:=:?--·.·-·.·-·.·.·

\tl1§. ~lt#lll§:}:}f
Ft Pierce/Orlando
1
1
1

i!lf~; :~l?N,tt.i~~i:1!/?HE@Ii

1

Tampa/Orlando

Source:

0:45

0:38

0:48

FHSRC Ridership Appendix
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Table B2
Annual Travel Time Hours Saved by Diverted Air and Auto Passengers

B
Year

Sources:

Travel Time Hours on HSR

Travel Time Hours on Fonner Mode
Diverted Air
Passengers

Diverted Auto
Passengers

Total

Diverted Air
Passengers

Diverted Auto
Passengers

5,326,452

13,040,623

Travel Time
Hours Saved

Total

18,367,075

4,262,151

FHSRC Ridership Appendix
CUTR Estimates

Table B3
Value of Time Saved for Diverted Air and Auto Passengers

E]
Year

Value of Travel Time on Fonner Mode
Diverted Air
Passengers

Diverted Auto
Passengers
< $69,564;225

Value of Travel Time on HSR

Total

Diverted Air
Passengers

Diverted Auto
Passengers

$85,034,590

?$21,69~,939

· =<//ssj,146,629

$74840568
.·.. -.~ .. :. , ... ..;

$213,596,911

$50,249,744

$123,103,608

Sl 73,353,352

;

$177,169,751

Sources:

FHSRC Ridership Appendix
AASHTO Manual on User Benefits
U.S. Department of Commerce Bureau of Economic Analysis
CUTR Estimates
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Value of Travel
Time Saved

Total

/

·•=

\Jl0,191,022
$40,243,559

C. Travel Costs (1990 dollars)
Details of Car Costs:

Operating Costs:
Gasoline and Oil
Maintenance
Tires

Cost per Mile
5.4 cents
2.1 cents
0.9 cents
8.4 cents

Ownership Costs:
Comprehensive insurance
Collision insurance
Property damage and liability
License, registration, taxes
Depreciation
Finance charge

Cost per Year
$110
247
318
165
2,357
680
$3,877

Cost per Mile:
Based on the above figures, the motorist driving 15,000 miles per year would pay:
15,000 miles @ 8.4 cents
$1,260
365 days @ $10.62
$3.877
$5,137
Cost per Mile
34.2 cents
Adjusted Cost per Mile*:
15,000 miles @ 8.4 cents
365 days @ $8.31

Toll charge per mile
Adjusted Cost per Mile*

$1,260
$3.032
$4,292
28.6 cents
1.0 cents
29.6 cents

*Cost per Mile less license, registration, taxes and finance charge, plus tolls
Source: American Automobile Association
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Table Cl
Computation of Toll Cost
O/D Pair

Vehicles
Traveling Route

Route

Tolls Paid
Along Route

Total Tolls
Paid

=:#10;337\
$140,162

sil{1i:f
Lakeland/Miami

Beeline/Turnpike

11,604

$10.05

$116,620

I-4/Tumpike

11,604

$9.55

$110,818

Tumpike(SR6Cklest.)

11,604

$6.95

$80,648

•:=::_:::•.;:::.:•:•:•:•:;:;::::;::::::::

··•::~.~:

u~i~;¼i·
Lakeland/West Palm

Beeline/Turnpike

3,320

$7.00

$23,240

Bceline/I-95

3,320

S2.45

$8,134

Turnpike (SR60-dest.)

3,320

$3.90

$12,948

;~irttll lij:iJl'.1:t)

~~g3;il~i(

· ·•· · •·•·•·•· •·•·•· •·•·• :111}f:l;;;::1:·

Bceline/I-95

$360,684

I-4/Turnpike

Total

$6,231,781

Routes assume travel from central business district to central business district.
"dest."=Turnpike exit closest to central business district for city involved.
· Source:

FDOT Turnpike Authority
CUTR Estimates

Computation of Average Toll Cost per Mile:
Total Tolls Paid
Total Vehicle Miles Traveled (all diverted autos)
Average Toll Cost per Mile (all diverted autos)
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$6,231,781
424,780,572
$0.01

/

Table C2
Auto Travel Costs
0/D Pair

Average
Mileage
Between Pairs

Operating Cost

Total Travel Costs*

Business

Non-Business

Business

Non-Business

72

$17.12

$10.55

$25.32

$13.08

Miami/Lakeland

fli~ffli1t~mii''!i:Ji liir•:-·

1

1

Ft. L/Lakeland

;ij.li!1!1'f!i~::i::::::!ii?\
Ft. L/Ft. Pierce

:::l!~li:t:!1al1~~<l§:•:
Palm B./Lakeland

::f~llii'.:l~Jf!riipl)J

<

Ft. Pierce/Orlando

=1 il~!!!iT~ll!tzr~i:;:::r
1

Tampa/Orlando

*includes $10 parking charge per business auto (or $8.20 per passenger), and $5 parking charge per
non-business auto (or $2.53 per passenger).
To calculate total travel cost, multiply average mileage by $0.29 (operating costs), add
appropriate parking charge, and divide by vehicle occupancy rate (1.22 for business and
1.98 for non-business).
Sources: FHSRC Ridership Appendix
MVMA Facts & Figures '90
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Table C3
One-Way Air Travel Costs
Air Fares
O/D Pair
Business

Non-Business

Total Travel Cost
Access Charge 1 - - - - - - - - . - - - - - - 1 1
Business
Non-Business

:IMil z2!1!~~~: i:;I\:•• .•tJif!6t00·.,tr:£· ·.r•tfI~,;~•:•t:r.••·
11

$61.00

Miami/Lakeland

:IMr,~zi1,1

1

1

111:111i::;:: 11:::::·

•:: :i:;•: 111:1:,1':lIDI[::::::•::

$61.00

Miami/Ft. Pierce

,;::~:;:lz!!J!!~§!!lll!llil:!l::::·>i: :IJ$86'.oclilt::•::t
1

$80.00

Ft. L/Lakeland
·••.:-:-:❖:-:,:.:-:.:-:-:-:,:.:-:•-·

rt.HtI~PP;::::::::::t•: t•i:l!Wi:oo tr
Ft. L/Ft. Pierce

11:!:zgii11~§ ::ii

··,:11#:1

1

Palm B./Lakeland

:~iii!IllI1¥i@rft •·:.
Ft. Pierce/Orlando

••:'JSf:!~lt§,%:t,~i~
Tampa/Orlando

1

I:i·•·

$89.00

$61.00

$10.40

Source: Spring 1991 Airfares
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$99.40

$79.40

Table C4
High Speed Rail Travel Costs
Total Travel Cost

Rail Fares
Access Charge

0/D Pair
Business

Miami/Lakeland

Non-Business

$52.50

:1:1lizrlll
1

1

1i;;:r:i:r:r:11r: 11:1f

1

Non-Business

$32.45

$23.00

$10.40

$38.85

!!J:M!iI:::::: f ::i::1:;;;::1:::::i:l:iifif§i:iif::::

1
;r:r:::,::::::i

Business

1

1

ii:I:!:I:ii;=i:;ti1a=~11I:Il:f1:;:1 'i:f

Miami/Ft. Pierce

~:,:i!Q!9t!,!~*-!!! : !:1: t:
11

•·•·•·•·•·:c•::-.,.,...,. ,......,.•.••.•."

Ft. L/Lakeland
·:•:•::=::::•=•:•:•:::::•r:=:::=:::=:=:::::::::=·=·=====·=:::::=:=:=:=:=:=:=:::::::::=:==:

·•:ftiP.Zfigp;i::I::CifII:I•·
Ft. L/Ft. Pierce

.• ~I1,:I~:1sllitlakt:·
1

Ft. Pierce/Orlando

i!l:!f.l!f!!!!f~~zrl,!I'!II

·••X••······,·••·····'···• •:.·•·•·•

Tampa/Orlando

$22.05

$12.60

$10.40

Source: FHSRC Ridership Appendix

Table CS
Travel Costs Saved by Diverted Auto and Air Passengers
Travel Cost on HSR

Travel Cost on Fonner Mode
Year

2006

Sources:

Travel Cost
Diverted Air
Passengers

Diverted Auto
Passengers

$128,099,043

$181,391,109

Total

$309,490,152

MVMA Facts & Figures '90
Spring 1991 Airfares
FHSRC Ridership Appendix
CUTR Estimates
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Diverted Air
Passengers

Diverted Auto
Passengers

$85,607,311

$209,644,033

Total

Savings

$295,251,344

$14,238,808

D. Fuel Savings
Table D1
Gross Energy Consumption by Mode on a Miami to Tampa Trip
Auto Business
Trip

Auto NonBusiness Trip

Btu Equivalent with
access penalty

:.::=:-·:.::;::::::::::;: . ·.. ·. --·-·

Air
Trip

High Speed Rail
Trip

156,457,000

;.;.:-.:-.·,•.·::,·-_.;.:-·-..:.:

:~!~!.Aifui2!t~i~f:Mµ~L: ·
Btus/Occupied Seat Mile

Sources:

5,400

3,327

16,539

2,062

FHSRC Sufficiency Report
MVMA Facts & Figures '90
FAA Aircraft Statistics
CUTR Estimates

Table D2
Gasoline Saved from Eliminated Auto and Air Trips
Year

Gallons of Gasoline Saved
by Eliminated Auto Trips

Gallons of Gasoline Saved
by Eliminated Air Flights

Total Gallons of
Gasoline Saved

2006

27,910,307

18,036,288

45,946,595

Sources:

Federal Highway Administration, Statistics Division
FAA JACO Engine Exhaust Emissions Databank
CUTR Estimates
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E. Environmental Impacts
Table El
Emission Factors*
Pollutant Factors (lbs)
Mode

Measure

voe

NOx

co

PM

TWM

SOx

Auto

per gallon of gasoline

0.0013

0.0027

0.0214

0.0004

0.0004

N/A

Aircraft

per gallon of aircraft fuel

76.787

10.424

76.876

2.633

N/A

1.537

*Note: For Carbon I>~~~de lrormation, see Lynch
VOC= Volatile-Organic Carbons
, .,.
1
..--<>~ -- •c/C<' /
NOx= Nitrous Oxides
CO= Carbon Monoxide
PM= Particulate Matter
TWM = Tire Wear Matter
SOx=Sulfur Oxides
Sources:

Department of Environmental Regulation
Environmental Protection Agency
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Table E2
Power Plants by Segment
Plant Name

Segment

Total
Site

AnnualAVG 1-----,----E_m_i.,..s_sl_on_s_;_~o-,n,..s..:../y'--r..:..)_-T_ _---1,
MWH*

MWH
Miami/Fl. Lauderdale

j:f1t!::tlitf:}J'iff:(i~s!;°fdi

Turkey Point

9,680

710

Lauderdale

1,400

6

846

88

1,629

195

Pt. Everglade

1,820

81

17,809

1,436

12,183

920

700

40

6,630

573

5,990

433

1,800

0

0

0

0

0

618

0

2,570

132

1,569
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',f J:~tlso .: 115;&1$;56<) -~ }t: i;ffro J([:~n !r-~;680 :I;:){ho

Indian River

)•j\}{!f: t{\:':foubt6ia1' . •·•/>: <·•·>)•-•• ·•ti=:J1i• •••f\t06o.~·,·

I K ··; 2:s18 •· :::t:J;~t l:'1:~it
6,320

555

6,840

503

Sanford

1,000

10

7,492

580

2,866

213

Stanton

460

54

2,366

236

5,519

322

Deltona

420

0

5,162

163

1,120

79

1,600

55

5,420

556

9,939

729

400

0

201

30

Martin

;/,@trtrI@& · · <. :~L:i'•• - ) ::::/,. ,: t\ ·6Uxfd, .ltl;~'t:i;&h .1 ;;:::I::JJ'' :.:, >s:i321· ffl!ggM•
Manatee

408

0

..:.... ..;.-:;::::.:·...·.
_

..

10,347\ ·•:;:·::::::/"-:,;

1,600

118

24,100

1,977

10,360

773

Bartow

200

0

0

0

0

0

Lakeland

400

0

353

26

69

17

McIntosh

400

0

5,179

806

3,597

226

Bartow

600

0

27,400

768

3,869

434

Higgins

300

0

5,318

161

892

76

Bayboro

300

0

170

21

284

64

Crystal River

3,400

0

89,043

1,828

53,331

1,702

Anclote

1,200

0

22,712

1,107

5,844

700

250

0

0

0

0

0

Big Bend

1,880

157

157,364

2,822

45,670

1,286

Gannon

1,500

92

58,549

2,062

44,072

781

Ft. Myers

1,600

54

11,203

934

5,187

452

745

463,717

17,532

230,918

10,924

Hooker Point

I

~

26

Intercession

Total

1.. : ,;

800

Canaveral

Lakeland/Tampa

co

671

St. Lucie

Orlando/Lakeland

l

NOx

7,510

Riviera

Ft. Pierce /Orlando

PM

52

=

Palm Beach/Ft. Pierce

SOx

2,450

I r::): · : :;

Ft. Lauderdale/Palm. Beach

voe

27,298

179,347,860

*(M 'VH*24 nours*365 ctays)*0.75, wnere 0.75 1s a capacity factor
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Table E3
Calculation of Power Plant Emissions Attributable to High Speed Rail Use
Segment

t<N/H/
Trip

Miles/
Segment

% of
Total
Miles

WH/
Segment

MWH/
Segment

Trips/
Segment

MWH/
Day

MWH/
Year

MWH
Usage

Total Emissions (tons/year)

voe

SOx

PM

NOx

co

Miami/Ft. Lauderdale

14,000

26

8.84%

1,238

1.24

32

39.6

14,461.0

0.0898%

0.0470

6.75

0.6028

8.70

0.6379

Ft. Lauderdale/Palm Beach

14,000

43

14.63%

2,048

2.05

32

65.5

23,916.2

0.0636%

0.0809

16.09

1.3345

12.60

0.9849

Palm Beach/Ft. Pierce

14,000

40

13.61%

1,905

1.90

32

61.0

22,247.6

0.5479%

0.0000

14.08

0.7232

8.60

1.6958

Ft. Pierce/Orlando

14,000

112

38.10%

5,333

5.33

32

170.7

62,293.3

0.3538%

0.3180

75.50

5.4282

57.83

3.9508

Orlando/Lakeland

14,000

41

13.95%

1,953

1.95

32

62.5

22,803.8

0.1735%

0.0956

9.76

1.0168

17.96

1.2657

Lakeland/Tampa

14,000

32

10.88%

1,523

1.52

32

48.8

17,798.1

0.0196%

0.0825

78.62

2.4509

33.92

1.2754

294

100.00%

14,000

14.00

448.0

163,520.0

1.2483%

0.6239

200.80

11.5565

139.60

9.8104

Totals

